Salmonella species are often the etiologic agents of gastroenteritis associated with the consumption of contaminated shellfish, particularly raw oysters (2, 13) . The recommended method of monitoring shellfish for the presence of microbial pathogens requires culturing followed by a series of presumptive and confirmatory tests that take 5 to 7 days to complete (1, 11, 27) . A direct hybridization method has been developed by using a segment of the genomic DNA of Salmonella typhimurium as a probe for the detection of Salmonella spp. in food (15, 16, 20, 24, 31) . At least 103 to 104 target cells must be present to yield positive hybridization results. Since the infective dose for salmonellosis varies between 101 and 105 cells (9, 10, 12, 17, 21) , a more sensitive molecular method for monitoring Salmonella spp. in shellfish would be useful. DNA amplification by the PCR has been used to identify microbial pathogens from clinical, environmental, and food samples (3, 6, 7, 28) , including Campylobacter spp. in chicken meat (19) , Aeromonas salmonicida in fish (22) , enteropathogenic Escherichia coli in ground beef (18) , Shigella flexneri in lettuce (25) , Vibrio vulnificus in oysters (23) , and enteric viruses in oysters (4) . In this report, we describe the development of a PCR-based method that can be used for sensitive and rapid detection of Salmonella spp. in oysters.
PCR amplification and detection. Oligonucleotide primers were designed for PCR amplification of Salmonella spp. DNAs on the basis of the previously reported nucleotide sequences of the himA gene (EMBL and GenBank accession numbers X16739 and M27279) of S. typhimurium (26) and other nontarget enteric bacteria. The target gene, himA, codes for a DNA binding protein that occurs in many enteric bacteria, including E. coli and S. typhimurium (26) . The nucleotide sequences of the himA genes in S. typhimurium and E. coli have significant homologies, but are not completely homologous. Since Amplitaq DNA polymerase does not extend primers across its template DNA if there is even a single nucleotide mismatch at the 3'-OH ends (8, 30) , oligonucleotide primers were designed to provide sufficient nucleotide mismatches with the himA gene in E. coli so that Salmonella spp. could be detected specifically; the oligonucleotide primers were designed at regions where the S. typhimurium nucleotide sequences do not match the 3' ends of the himA gene in E. coli. The primers were synthesized by Roche Diagnostics, Alameda, Calif. Primer annealing temperatures were calculated by using the Oligo version 4 computer program (National Biosciences, Plymouth, Minn.) (29) . One primer, SHIMA-L, has 21 nucleotides (5'-CGT-G CTCTGGAAAACGGTGAG-3'); it has a calculated annealing temperature of 61°C and is located between 106 and 126 bp on the himA gene of S. typhimurium. The other primer, SHIMA-R, has 24 nucleotides (5'-CGTGCTGTAATAGG AATATCTTCA-3'); it has a calculated annealing temperature of 61°C and is located between 204 and 227 bp on the himA gene of S. typhimurium. A 25-nucleotide probe, SHIMA-P (5'-GGTAACTTCGGTCTGCGTGATAAAA-3'), was selected from the previously reported sequence of the himA gene of S. typhimurium (26) . Oligonucleotide probe SHIMA-P was selected internal to the amplified DNA without overlapping the primer regions; it is located between 148 and 172 bp on the himA gene, internal to the two primers. This probe was synthesized by Roche Diagnostics.
PCR amplification was performed with a model 480 or 960 DNA thermal cycler (Perkin Elmer, Norwalk, Conn.) by using lx PCR reaction buffer (lx PCR reaction buffer consists of 50 mM Tris-HCl [pH 8.9], 50 mM KCl, and 2.5 mM MgCl2) containing each of the deoxynucleoside triphosphates at a concentration of 200 ,uM, each of the primers at a concentration of 0.5 ,uM, 100 ng of target DNA or cells from serially diluted samples of S. typhimurium, and 2.5 U of Amplitaq DNA polymerase (Perkin Elmer). A total of 25 to 35 cycles of amplification of the target DNA were performed, with initial denaturation at 94°C for 3 min and postamplification extension at 72°C for 3 min. The parameters for each amplification cycle were as follows: template DNA denaturation at 94°C for 0.5 min; primer annealing at 65°C for 0.5 min; and primer extension at 72°C for 0.5 min. In all amplification reactions, the hot start approach was used (14) .
PCR-amplified DNAs were analyzed by gel electrophoresis and DNA-DNA hybridization by using radiolabelled gene probes. Hybridization was used both to ensure correct detection and to enhance the sensitivity of detection. For gel electrophoresis, the amplified DNA (usually 10 from a 1OO-R1 sample) was separated in 3% Southern blot or dot blot DNA-DNA hybridizations were performed by using the oligonucleotide probe SHIMA-P. For Southern blots the amplified DNAs in the agarose gel were denatured in a solution containing 0.5 M NaOH and 1 M NaCl for 20 min at room temperature with gentle shaking. The gel was then neutralized in a solution containing 0.5 M Tris-HCI (pH 7.4) and 3 M NaCl for 20 min at room temperature with gentle shaking. The DNAs were then transferred onto a Zetaprobe GT nylon membrane (Bio-Rad Laboratories, Richmond, Calif.) by using 10x SSC (lx SSC is 0.15 M NaCl and 0.015 M trisodium citrate). For dot blot hybridization, the amplified DNAs were denatured by placing the gel in 0.1 volume of a denaturing solution consisting of 0.4 M NaOH and 10 mM Na2EDTA and boiling the preparation for 10 min in a boiling water bath. The samples were plunged into ice to cool and transferred onto Zetaprobe GT nylon membranes by using a BioDot apparatus (BioRad).
For hybridization, each membrane containing DNAs was treated with hybridization solution consisting of 5 x SSC, 20 mM NaH2PO4 (pH 7.0), 7% sodium dodecyl sulfate (SDS), lOx Denhardt's solution (lx Denhardt's solution contains 0.2% type V bovine serum albumin, 0.2% polyvinylpyrrolidone, and 0.2% Ficoll), and 100 p,g of phenol-chloroform (1:1, vol/vol)-extracted denatured salmon sperm DNA (BioRad) per ml at 65°C for 0.5 h with gentle shaking. The hybridization solution was discarded, and fresh hybridization solution was added to the membrane along with 200 to 300 ng of 3'-end-radiolabelled SHIMA-P probe (the specific activity of the radiolabelled probe was 1 x 107 to 5 x 108 cpm/,ug of DNA). Hybridization was performed at 65°C for 4 h with gentle shaking. Following hybridization, the membranes were washed three times with washing buffer I containing 3x SSC, lOx Denhardt's solution, 5% SDS, and 25 mM NaH2PO4 (pH 7.5) at 55°C for 10 min each time. The membranes were then washed with washing buffer II containing 1 x SSC and 1% SDS, first at 55°C for 5 min and then at 60°C for 3 min with gentle shaking. The membranes were blotted between two Whatman filter papers and wrapped with plastic wrap, and autoradiography was performed with Kodak X-AR film for 2 to 36 h at -75°C.
Specificity of Salmonella detection. To determine the specificity of the DNA amplification and detection system, DNA was recovered from Salmonella and non-Salmonella strains by growing cells on appropriate growth media. The cells were harvested, and total genomic DNA was purified for DNA amplification by using the procedure described by Ausubel et al. (5) to test the specificity of the PCR for Salmonella detection. A total of 43 strains and serogroups of Salmonella spp. and 97 non-Salmonella bacterial species were used in this study to test the specificity of the himA gene amplicon (Table 1) .
PCR amplification with oligonucleotide primers SHIMA-L and SHIMA-R generated 0.122-kbp amplified DNA bands for all Salmonella spp. tested in this study (Fig. 1A) .
Radiolabelled oligonucleotide probe SHIMA-P produced positive hybridization signals with amplified DNAs from all of the Salmonella spp. tested in this experiment (Fig. 1B) . and exposed to UV irradiation for 15 min to avoid carryover surface contamination with cells. The oysters were shucked, and the meat was transferred into sterile containers and homogenized by using a Polytron homogenizer for 15 min. The presence of Salmonella spp. in the oyster meat was detected by the PCR and viable plate count procedures described above.
PCR detection of Salmonella spp. without preenrichment sometimes failed even when plate counts on selective media revealed levels of Salmonella spp. as high as 102 cells per g of oyster meat. Either inefficient target DNA recovery or interference by unknown factors in the oyster meat led to this lack of direct detection of Salmonella spp. by the PCR. Incubation of oyster meat with an enrichment broth for as little as 1 h led to successful PCR detection of Salmonella spp. (Fig. 2) . At high contamination levels amplification could be detected by both gel electrophoresis and hybridization, but at low contamination levels hybridization was necessary to provide sufficient sensitivity for detection. A 3-h (25) and ground beef (18) has likewise been reported following 6 to 24 h of culturing of cells in broth media.
Our results suggest that PCR DNA amplification coupled with gene probe DNA-DNA hybridization methods, in which oligonucleotide primers SHIMA-L and SHIMA-R and oligonucleotide probe SHIMA-P are used, has the capability to detect Salmonella spp. in contaminated oyster samples with high specificity and sensitivity within 3 to 5 hours. This is a major improvement in speed, but not necessarily in sensitivity, compared with viable culture detection methods. Improved methods for DNA recovery and purification to eliminate inhibitors of the PCR and the development of molecular methods for determining viability would represent further improvements for PCR detection of Salmonella spp. in oysters.
